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Abstract 
This study investigated the potential use of sugarcane bagasse 
as a feedstock for oil production through microbial cultivation. 
Bagasse was subjected to dilute acid pretreatment with 0.4 wt% 
H2SO4 (in liquid) at a solid/liquid ratio of 1:6 (wt/wt) at 170 °C for 15 
min, followed by enzymatic hydrolysis of solid residue. The liquid 
fractions of the pretreatment process and the enzymatic hydrolysis 
process were detoxified and used as liquid hydrolysate (SCBLH) and 
enzymatic hydrolysate (SCBEH) for the microbial oil production by 
oleaginous yeast (Rhodotorula mucilaginosa) and filamentous fungi 
(Aspergillus oryzae and Mucor plumbeus).  The results showed that 
all strains were able to grow and produce oil from bagasse 
hydrolysates. The highest oil concentrations produced from bagasse 
hydrolysates were by M. plumbeus at 1.59 g/L (SCBLH) and 4.74 g/L 
(SCBEH). The microbial oils obtained have similar fatty acid 
compositions to vegetable oils, indicating that the oil can be used for 
the production of second generation biodiesel. On the basis of oil 
yields obtained by M. plumbeus, from 10 million t (wet weight) of 
bagasse generated annually from sugar mills in Australia, it is 
estimated that the total biodiesel that could be produced would be 
equivalent to about 9% of Queensland’s diesel consumption. 
Introduction 
Biodiesel, a renewable fuel, shows great promise as an alternative to fossil-based 
diesel. Biodiesel is typically produced from plant oils such as soybean oil, palm oil and 
Jatropha oil. An increasing amount of research is investigating biodiesel production from 
microbial oil, in order to find alternatives for biodiesel production from edible plant oils. 
Other benefits of producing biodiesel from microbial oils compared to plant oils are shorter 
production life cycles, lower labour intensity, easier scaling up and reduced seasonal and 
climate impacts (Liang and Jiang, 2013).  
  There are several studies on the production of microbial oils from various classes of 
microorganisms especially microalgae, yeasts and fungi, where the microorganisms that are 
able to produce oil are termed as oleaginous. Microbial oils are produced through the 
cultivation of oleaginous microorganisms on carbon substrates usually when the stress 
condition was applied, such as through limited nitrogen sources (Ratledge, 2004).  Most 
microbial oil production studies focus on the use of simple sugars, especially glucose, as the 
carbon substrate. However, large-scale production of microbial oils from pure sugars is not 
economical. The opportunity exists to reduce the cost for microbial oil production with the 
use of cheaper feedstock such as lignocellulosic agro-industrial wastes.   
Sugarcane bagasse, a highly available lignocellulosic biomass, has the potential to be 
utilised as an alternative feedstock for microbial oil production. However, the lignocellulosic 
structure of bagasse presents one of the challenges of utilising bagasse for fermentation or 
microbial cultivation. It is necessary to disrupt the complex arrangement of cellulose, 
hemicelluloses and lignin of lignocellulosic biomass so that cellulose will be accessible for 
enzyme bioprocessing or biological degradation (O'Hara et al., 2013). Therefore, a 
pretreatment step for bagasse is crucial. One of the most common pretreatment processes is 
dilute acid pretreatment, which is an effective process for removing the majority of 
hemicellulose (Hendriks and Zeeman, 2009). Another challenge of utilising bagasse for oil 
production is that chemical pretreatment usually generates sugar degradation products that 
may inhibit the growth of oleaginous microorganisms. The most common growth inhibitors 
are furfural (from pentoses) and 5-hydroxymethyl furfural (HMF) (from hexoses) (Palmqvist 
and Hahn-Hägerdal, 2000).  
Studies on oil production from bagasse hydrolysates have been conducted using 
microalgae strain Chlorella protothecoides and yeast strains Rhodotorula sp. IIP-33 and 
Yarrowia lipolytica Po1g (Bandhu et al., 2014; Mu et al., 2015; Tsigie et al., 2011). 
However, Ahmad et al. (2015) showed that yeast and filamentous fungi are more suitable at 
utilising a variety of carbon sources (glucose, xylose and glycerol) for oil production than 
microalgae. Therefore, in this study, strains of oleaginous yeast and filamentous fungi 
(Rhodotorula mucilaginosa, Aspergillus oryzae and Mucor plumbeus) were grown on 
bagasse hydrolysates for oil production.  
The aim of this research was to investigate the microbial growth and oil production 
from the hydrolysates of dilute acid pretreatment and enzymatic hydrolysis of bagasse. This 
is the first study to utilise hydrolysates from both liquid and solid residue streams from the 
pretreatment of bagasse for microbial oil production. The application of hydrolysates from 
both streams of pretreatment process can potentially maximise the total microbial oil 
production. Therefore, the outcome of this study will contribute to sustainable and profitable 
production process for large-scale oil production from bagasse.  
Methodology 
Dilute acid pretreatment of bagasse and enzymatic hydrolysis of the solid residue  
Sugarcane bagasse used in this study consisted of 37.0% glucan, 18.0% xylan, 30.0% 
lignin, 4.12% water extractives and 1.6% ethanol extractives, based on the compositional 
analysis using procedures from National Renewable Energy Laboratory (NREL) (Sluiter et 
al., 2011; Sluiter et al., 2005). The air-dried raw bagasse (500 g dry mass) was pretreated 
with 0.4 wt% H2SO4 (in liquid) at a solid/liquid ratio of 1:6 (wt/wt) in 7.5 L Parr reactor at 
170 °C for 15 min at 100 rpm. The solid residue and the liquid fraction from the pretreatment 
process were separated by filtration (Figure 1). Enzymatic hydrolysis of bagasse solid residue 
was performed at pH 5.5 and a solid loading of 10 wt% using Accelerase™ 1500 (Batch no: 
4901298419) at 20 FPU/g glucan. The enzymatic hydrolysis was conducted for 72 h on 
OM15 orbital shaking incubator (Ratex, Australia) set at 50 °C and 150 rpm. The liquid 
fraction of enzymatic hydrolysate was separated by centrifugation (Figure 1). The liquid 
fractions from the bagasse pretreatment process as well as from enzymatic hydrolysis were 
detoxified and were used with nutrient supplementation as bagasse liquid hydrolysate 
(SCBLH) and as enzymatic hydrolysate (SCBEH) respectively. 
 
  
Fig 1. — Overview of hydrolysates preparation from bagasse for the microbial 
cultivation 
Detoxification of pretreated bagasse liquid fraction 
Non-detoxified hydrolysates were prepared by adjusting the pH of the liquid fraction 
to pH 5.5 using Ca(OH)2, followed by 0.22 µm filtration (Yu et al., 2011). Detoxification was 
conducted by overliming technique at 50 °C by increasing the pH to 10 by the addition of 
Ca(OH)2, followed by filtration using 0.22 µm membrane (Sartorius, Germany) (Yu et al., 
2011). The mixture filtrate was cooled to 30 °C and re-acidified with H2SO4 to pH 5.5, and 
filtered using 0.20 µm membrane (Yu et al., 2011).  
Microbial cultivation and oil production 
The yeast strain Rhodotorula mucilaginosa (FRR no. 2406) and the fungi strains 
Aspergillus oryzae (FRR no.: 1677) and Mucor plumbeus (FRR no. 2412) were purchased 
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from FRR Culture Collection (Australia). R. mucilaginosa was pre-cultured prior to 
cultivation for 48 h (Huang et al., 2011). For inoculation of the yeast into the cultivation 
media, 10% (v/v) inoculums from the pre-cultivation medium were used. For inoculation of 
fungi into the cultivation media, 0.6 mL spore suspension containing 1 x 107 spores/mL was 
used (Zheng et al., 2012). The cultivation media (hydrolysates) were prepared by 
supplementing with 0.4 g MgSO4.7H2O, 2 g KH2PO4, 3 mg MnSO4.H2O and 0.1 mg 
CuSO4.5H2O, and 1.5 g/L yeast extract as the nitrogen source (Yu et al., 2011). The 
cultivation was performed in triplicate with 30 mL working volume in 150 mL Erlenmeyer 
flask at 28 °C on an OM15 orbital shaking incubator (Ratex, Australia) for 7 days. The 
biomass was harvested and freeze-dried to constant weight (Ahmad et al., 2015). 
Oil extraction 
Oil was extracted from the biomass by Accelerated Solvent Extraction (ASE) 
technique using Dionex ASE 350 (Thermo Fisher Scientific Inc., USA) (Ahmad et al., 2015). 
The extraction conditions were as follows: temperature, 130 Ԩ; static time, 7 min; rinse 
volume, 25% of cell volume; and using two static cycles, using chloroform/methanol in a 
ratio of 2:1 (v/v). The results are reported on a dry weight (DW) basis unless otherwise 
specified. 
Sugars, organic acid, furans and oil analyses 
Sugar, organic acid and furan concentrations were measured using high-performance 
liquid chromatography (HPLC) as described in previous studies (Ahmad et al., 2015; Zhang 
et al., 2013). For the determination of fatty acids composition, fatty acid methyl esters 
(FAME) were prepared and analysed using gas chromatography-mass spectrometry (GC-MS) 
based on Ahmad et al. (2015). The following GC-MS method was used: injection 
temperature at 250 °C, initial temperature at 90 °C, hold for 2 min, followed by 7.5 °C/min 
ramp to 210 °C and 20 °C/min ramp to 240 °C, hold for 5 min.  
Results and discussion 
Composition of sugarcane bagasse hydrolysates 
In this study, hydrolysates from both streams of the dilute acid pretreatment of 
bagasse (Figure 1) were used as the cultivation media for oil production. The liquid fraction 
of dilute acid pretreatment typically contains readily fermentable soluble sugars. The solid 
residue of pretreated biomass primarily consists of cellulose and therefore, requires 
enzymatic hydrolysis for breaking down cellulose and other complex sugars to fermentable 
sugars. The fermentable sugars (i.e. glucose and xylose) from hydrolysates of pretreated 
bagasse (Table 1) were utilised as carbon substrates for microbial oil production. 
Table 1—Selected sugars (glucose and xylose), acetic acid, HMF and furfural 
compositions of sugarcane bagasse hydrolysates. 
Pretreatment 
stream 
Feedstock Glucose 
(g/L) 
Xylose 
(g/L) 
Acetic 
acid 
HMF 
(g/L) 
Furfural 
(g/L) 
(g/L) 
Liquid fraction Non-detoxified 
SCBLH 
7.76 8.32 5.85 0.91 3.90 
SCBLH 6.11 6.00 6.60 0.04 0 
Solid residue Non-detoxified 
SCBEH 
29.96 3.46 2.36 0.38 3.39 
SCBEH 31.34 1.21 2.53 0 0.17 
The detoxification step was necessary for bagasse hydrolysates in this study as it 
contains considerable concentrations of potential growth inhibitors (e.g. furfural and HMF). 
Furfural had been reported to inhibit the growth of oleaginous yeast Cryptococcus curvatus at 
the concentration of 1.0 g/L (Yu et al., 2014). HMF however, has been shown to have a less 
inhibiting impact on growth (Palmqvist and Hahn-Hägerdal, 2000; Ruan et al., 2015; Yu et 
al., 2014). No growth was observed in this study from the cultivation on non-detoxified 
bagasse hydrolysates. In this study, the detoxification technique of overliming was applied 
and the detoxification had reduced the concentrations of potential inhibitors. It is often 
recommended to include a washing step on pretreated solid residue prior to enzymatic 
hydrolysis, in order to avoid the presence of potential inhibitors in the enzymatic hydrolysate. 
In addition, the washing step may also reduce detoxification requirements. 
Biomass concentration and sugars consumption from the cultivation on bagasse 
hydrolysates 
The oleaginous microorganisms used in this study for oil production from bagasse 
hydrolysates were Rhodotorula mucilaginosa, Aspergillus oryzae and Mucor plumbeus. 
These microorganisms were the highest ranking microorganisms from a multi-criteria 
analysis by Ahmad et al. (2015) that had been conducted to select preferred oleaginous 
microorganisms for oil production (Ahmad et al., 2015). 
All microorganisms used in this study were able to grow on bagasse hydrolysates. As 
shown in Figure 2, fungi M. plumbeus and A. oryzae had the highest biomass concentrations 
on SCBLH at 9.8 and 9.2 g/L respectively, followed by R. mucilaginosa. The results of the 
biomass concentrations on SCBLH compare well to the growth of Yarrowia lipolytica Po1g 
on the detoxified liquid hydrolysate of bagasse (13.51 g/L of xylose and 3.93 g/L of glucose) 
with biomass concentration of 11.42 g/L (Tsigie et al., 2011).  
For the cultivation on SCBEH, M. plumbeus had the highest biomass concentration at 
19.9 g/L followed closely by A. oryzae (Figure 2). The higher biomass concentrations from 
the growth on SCBEH than SCBLH correspond to higher sugars concentration of the 
SCBEH. The biomass concentrations of the fungi obtained from SCBEH are comparable to 
the cultivation of fungus Mortierella isabellina with biomass concentrations at 16.8 g/L on 
enzymatic hydrolysate of corn stover (22.2 g/L of glucose and 12 g/L of xylose) (Ruan et al., 
2014).   
 Fig 2.—Microbial biomass concentrations (g/L) from bagasse hydrolysates. 
There were poor consumptions of glucose and xylose for the cultivation on SCBLH 
(Figure 3), possibly due to the presence of HMF in the cultivation media. HMF may have 
caused a slower growth rate and subsequently low consumption of carbon substrates. This is 
because microorganisms that metabolise HMF may have a longer lag phase for growth 
(Palmqvist and Hahn-Hägerdal, 2000). The consumption of xylose in SCBEH is much lower 
than the consumption of glucose (Figure 3). This is most likely because xylose consumption 
typically begins only after there is almost no glucose left in the medium, as reported in 
numerous studies (Gao et al., 2014). 
 
Fig 3.—Sugars consumption (glucose and xylose) by microorganisms on bagasse 
hydrolysates. 
Microbial oils production from bagasse hydrolysates  
The oil content results (Figure 4 (a)) showed that M. plumbeus had the highest oil 
contents on both SCBLH (14.9%) and SCBEH (23.8%). The oil content of A. oryzae is 9.0% 
on SCBLH and 19.6% on SCBEH. For R. mucilaginosa, the oil contents on both hydrolysates 
are very similar (~11%).  
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The oil concentrations (Figure 4 (b)) showed that M. plumbeus had the highest oil 
concentrations on SCBLH and SCBEH at 1.6 g/L and 4.7 g/L respectively, followed by A. 
oryzae. The oil concentration of M. plumbeus on SCBEH compares well to oil concentration 
of 6.68 g/L by Y. lipolytica Po1g from bagasse hydrolysate. Overall, this study showed that 
the use of M. plumbeus resulted in the best biomass and oil production growing on both 
SCBLH and SCBEH. 
      
Fig 4. —(a) Oil content (%, w/w) and (b) oil concentration (g/L) of microbial biomass 
from the cultivation on bagasse hydrolysates. 
Evaluation of potential biodiesel application of microbial oils 
Microbial oils with fatty acid compositions similar to vegetable oils have the potential 
to be used as feedstock for biodiesel production. In this study, the majority of fatty acids 
identified were palmitic (C16:0), stearic (C18:0), oleic (C18:1) and linoleic acid (C18:2) 
(Table 2), which is similar to the fatty acid composition of vegetable oils. For R. 
mucilaginosa, oleic acid was the predominant fatty acid growing on both hydrolysates, which 
is analogous to the results of the cultivation of R. mucilaginosa on glucose and xylose 
(Ahmad et al., 2015). Linoleic acid was found to be the predominant fatty acid for both fungi 
strains on SCBLH, and oleic acid was the predominant fatty acid on SCBEH.  
Fuel properties of microbial oils were evaluated using cetane number and iodine value 
(Table 2). Cetane number is an indicator to the ignition quality of fuels (Ramírez-Verduzco et 
al., 2012). Iodine value measures the degree of saturation of fuels. The fatty acid methyl ester 
(FAME) of microbial oils in this study were within the limit of the European biodiesel 
specification since the European Standard for FAME (EN14214) specifies cetane number of 
biodiesel has to be above 51 and iodine number below 120 (Islam et al., 2014). Therefore, 
this study shows that the microbial oils produced are suitable for second generation biodiesel 
production from bagasse.  
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Table 2—Fatty acids composition of microbial oils methyl ester from the cultivation on 
bagasse hydrolysates, as well as cetane number (Ramírez-Verduzco et al., 2012) 
and iodine number (Krisnangkura, 1986) of the transesterified microbial oils.  
Feedstock Microorganisms Relative abundance of fatty acid 
methyl esters (FAME) (%, w/w) 
FAME fuel 
properties 
C16:0 C18:0 C18:1 C18:2 Cetane 
number 
Iodine 
number 
SCBLH R. mucilaginosa 33.0 
(±2.0) 
21.4 
(±2.1) 
45.7 
(±0.6) 
- 70.2 39.1 
A. oryzae 18.7 
(±1.2) 
15.7 
(±1.3) 
32.0 
(±1.4) 
37.0 
(±0.8) 
61.7 91.3 
M. plumbeus 18.5 
(±0.9) 
20.5 
(±1.0) 
27.6 
(±4.3) 
36.1 
(±1.5) 
62.4 86.0 
SCBEH R. mucilaginosa 35.6 
(±2.0) 
11.8 
(±2.3) 
48.8 
(±0.6) 
7.0 
(±0.4) 
69.0 53.8 
A. oryzae 18.1 
(±0.7) 
17.6 
(±0.9) 
34.3 
(±1.6) 
28.4 
(±1.4) 
60.7 78.4 
M. plumbeus 18.8 
(±0.9) 
18.1 
(±1.7) 
35.3 
(±1.2) 
26.3 
(±1.4) 
61.4 75.6 
Prospects for large-scale microbial oil production from bagasse hydrolysates by 
M. plumbeus  
M. plumbeus has great potential for oil production from bagasse as it had the highest 
biomass and oil concentration on both bagasse hydrolysates. Large-scale microbial oil 
production from bagasse can be assessed through the yields of oil. The oil yields (mg oil per 
g carbon substrates consumed including glucose, xylose and acetic acid) of M. plumbeus 
were 167 mg/g on SBCLH and 142 mg/g on SCBEH. The oil production was calculated by 
multiplying the oil yields with the sugar yields from 1 t (DW) bagasse. A study on optimised 
dilute acid pretreatment and enzymatic hydrolysis of bagasse reported that the sugars yield 
from 1 t bagasse (DW) contained 29 kg of glucose and 198 kg of xylose from liquid 
hydrolysate, and 360 kg of glucose and 15 kg of xylose from enzymatic hydrolysate 
(Benjamin et al., 2014). By combining the oil production from both hydrolysates, it is 
estimated that up to 91 kg of microbial oil can be produced from 1 t dry bagasse by M. 
plumbeus. The utilisation of both hydrolysates maximises the total oil production from 
bagasse. The total oil production from bagasse by M. plumbeus is comparable to the oil 
production by M. isabellina with 103 kg oil from 1 t (DW) of wheat straw (Zheng et al., 
2012). Table 3 (a) shows the comparison of the feedstock cost for oil production from 
bagasse and pure glucose, where bagasse provides 9 times lower feedstock cost compared to 
the use of pure glucose. The oil yield and the price of pure glucose were based on previous 
studies (Ahmad et al., 2015; Koutinas et al., 2014).  
Table 3—(a) The comparison of estimated feedstock cost for oil production from 
bagasse and pure glucose. (b) The estimated yield of biodiesel per 1 t (dry weight) 
bagasse based on the oil yields of M. plumbeus  
(a) Microbial oil 
feedstock 
Price 
(US$/t feedstock) 
Oil yield 
(kg/t feedstock) 
Feedstock cost 
(US$/kg oil) 
 Sugarcane bagasse 50 91 0.55 
 Pure glucose 400 80 5.00 
(b)  Yield (L/t dry bagasse) 
 Biodiesel from SCBLH  
(FAME density of 874.2 g/L) 
37 
 Biodiesel from SCBEH  
(FAME density of 860.5 g/L) 
56 
 Biodiesel from bagasse 93 
Biodiesel yields in Table 3 (b) were calculated based on 91% (w/w) microbial oil 
conversion (Liu and Zhao, 2007; Zheng et al., 2012) and estimated FAME densities 
(Ramírez-Verduzco et al., 2012). From the 10 million wet t of bagasse (with 50% moisture 
content) generated annually from sugar mills in Australia, a maximum of around 465 million 
L biodiesel could potentially be produced if all of the bagasse was used for microbial oil 
production. Based on diesel consumption of 5200 million L in Queensland (O'Hara, 2010), 
this would be equivalent to about 9% of Queensland’s diesel consumption. A greater 
proportion is potentially able to be produced through the use of trash and future production of 
high fibre sugarcanes. While wide scale application of microbial oils from bagasse for 
biodiesel production would only replace a small fraction of total Queensland diesel 
consumption, local and regional opportunities may exist in some areas such as for 
replacement of diesel use in sugarcane harvesting and transport. 
Conclusion 
Rhodotorula mucilaginosa, Aspergillus oryzae and Mucor plumbeus showed the 
capacity to produce oil from hydrolysates of bagasse. The fungus M. plumbeus showed the 
highest oil concentrations on both hydrolysates, therefore, the oil yields of M. plumbeus were 
further used to estimate large-scale microbial oil production from bagasse. From the 
estimated total oil production, this study shows the potential to reduce the feedstock cost for 
microbial oil production through the use of bagasse. Therefore, bagasse shows a great 
promise as the feedstock for biodiesel production that may supplement diesel use for local 
consumption. The utilisation of both bagasse hydrolysates (SCBLH and SCBEH) may create 
sustainable and profitable microbial oil production.  
Acknowledgements 
The authors acknowledge Ministry of Education Malaysia for the postgraduate 
scholarship of the first author. The authors also acknowledge the QUT Central Analytical 
Research Facility for its support on sample analyses, as well as Vitor Takashi Kawazoe for 
oil extraction and derivatisation process.  
REFERENCES 
Ahmad FB, Zhang Z, Doherty WOS, O’Hara IM (2015) A multi-criteria analysis approach 
for ranking and selection of microorganisms for the production of oils for biodiesel 
production. Bioresource Technology 190, 264-273. 
Bandhu S, Dasgupta D, Akhter J, Kanaujia P, Suman S, Agrawal D, Kaul S, Adhikari D, 
Ghosh D (2014) Statistical design and optimization of single cell oil production from 
sugarcane bagasse hydrolysate by an oleaginous yeast Rhodotorula sp. IIP-33 using 
response surface methodology. SpringerPlus 3, 1-11. 
Benjamin Y, Cheng H, Görgens JF (2014) Optimization of dilute sulfuric acid pretreatment 
to maximize combined sugar yield from sugarcane bagasse for ethanol production. 
Applied Biochemical and Biotechnology 172, 610-630. 
Gao Q, Cui Z, Zhang J, Bao J (2014) Lipid fermentation of corncob residues hydrolysate by 
oleaginous yeast Trichosporon cutaneum. Bioresource Technology 152, 552-556. 
Hendriks ATWM, Zeeman G (2009) Pretreatments to enhance the digestibility of 
lignocellulosic biomass. Bioresource Technology 100, 10-18. 
Huang X, Wang Y, Liu W, Bao J (2011) Biological removal of inhibitors leads to the 
improved lipid production in the lipid fermentation of corn stover hydrolysate by 
Trichosporon cutaneum. Bioresource Technology 102, 9705-9709. 
Islam MA, Brown RJ, O’Hara I, Kent M, Heimann K (2014) Effect of temperature and 
moisture on high pressure lipid/oil extraction from microalgae. Energy Conversion 
and Management 88, 307-316. 
Koutinas AA, Chatzifragkou A, Kopsahelis N, Papanikolaou S, Kookos IK (2014) Design 
and techno-economic evaluation of microbial oil production as a renewable resource 
for biodiesel and oleochemical production. Fuel 116, 566-577. 
Krisnangkura K (1986) A simple method for estimation of cetane index of vegetable oil 
methyl esters. Journal of the American Oil Chemists' Society 63, 552-553. 
Liang M-H, Jiang J-G (2013) Advancing oleaginous microorganisms to produce lipid via 
metabolic engineering technology. Progress in Lipid Research 52, 395-408. 
Liu B, Zhao Z (2007) Biodiesel production by direct methanolysis of oleaginous microbial 
biomass. Journal of Chemical Technology and Biotechnology 82, 775-780. 
Mu J, Li S, Chen D, Xu H, Han F, Feng B, Li Y (2015) Enhanced biomass and oil production 
from sugarcane bagasse hydrolysate (SBH) by heterotrophic oleaginous microalga 
Chlorella protothecoides. Bioresource Technology 185, 99-105. 
O'Hara IM (2010) The potential for ethanol production from sugarcane in Australia. 
Proceedings of the Australian Society of Sugar Cane Technologists 32, 600-609. 
O'Hara IM, Zhang Z, Rackemann DW, Dunn KG, Hobson PA, Doherty WO (2013) 
Prospects for the development of sugarcane biorefineries. Proceedings of the 28th 
International Society of Sugar Cane Technologists Conference 28. 
Palmqvist E, Hahn-Hägerdal B (2000) Fermentation of lignocellulosic hydrolysates. II: 
inhibitors and mechanisms of inhibition. Bioresource Technology 74, 25-33. 
Ramírez-Verduzco LF, Rodríguez-Rodríguez JE, Jaramillo-Jacob AdR (2012) Predicting 
cetane number, kinematic viscosity, density and higher heating value of biodiesel 
from its fatty acid methyl ester composition. Fuel 91, 102-111. 
Ratledge C (2004) Fatty acid biosynthesis in microorganisms being used for Single Cell Oil 
production. Biochimie 86, 807-815. 
Ruan Z, Hollinshead W, Isaguirre C, Tang YJ, Liao W, Liu Y (2015) Effects of inhibitory 
compounds in lignocellulosic hydrolysates on Mortierella isabellina growth and 
carbon utilization. Bioresource Technology 183, 18-24. 
Ruan Z, Zanotti M, Archer S, Liao W, Liu Y (2014) Oleaginous fungal lipid fermentation on 
combined acid- and alkali-pretreated corn stover hydrolysate for advanced biofuel 
production. Bioresource Technology 163, 12-17. 
Sluiter A, Hames B, Ruiz R, Scarlata C, Sluiter J, Templeton D, Crocker D (2011) 
Determination of structural carbohydrates and lignin in biomass. Laboratory 
Analytical Procedure. Technical Report NREL/TP-510-42618, National Renewable 
Energy Laboratory, Golden, Colorado. 
Sluiter A, Ruiz R, Scarlata C, Sluiter J, Templeton D (2005) Determination of extractives in 
biomass. Laboratory Analytical Procedure. Technical Report NREL/TP-510-42619, 
National Renewable Energy Laboratory, Golden, Colorado. 
Tsigie YA, Wang C-Y, Truong C-T, Ju Y-H (2011) Lipid production from Yarrowia 
lipolytica Po1g grown in sugarcane bagasse hydrolysate. Bioresource Technology 
102, 9216-9222. 
Yu X, Zeng J, Zheng Y, Chen S (2014) Effect of lignocellulose degradation products on 
microbial biomass and lipid production by the oleaginous yeast Cryptococcus 
curvatus. Process Biochemistry 49, 457-465. 
Yu X, Zheng Y, Dorgan KM, Chen S (2011) Oil production by oleaginous yeasts using the 
hydrolysate from pretreatment of wheat straw with dilute sulfuric acid. Bioresource 
Technology 102, 6134-6140. 
Zhang Z, Wong HH, Albertson PL, Doherty WOS, O’Hara IM (2013) Laboratory and pilot 
scale pretreatment of sugarcane bagasse by acidified aqueous glycerol solutions. 
Bioresource Technology 138, 14-21. 
Zheng Y, Yu X, Zeng J, Chen S (2012) Feasibility of filamentous fungi for biofuel 
production using hydrolysate from dilute sulfuric acid pretreatment of wheat straw. 
Biotechnology for Biofuels 5, 50. 
 
